We report results from an
Introduction
Smoking prevalence is high among low income, childbearing-age women, posing significant health risks for them and their children [1] [2] [3] . Improving smoking cessation intervention in the maternal and child health (MCH) clinics that predominantly serve these women is an important public health goal [4] . Guidelines for interventions in clinical practice are available [5] [6] [7] but have not achieved widespread application [8] . Dissemination studies aimed at improving guideline implementation have had mixed results [9] [10] [11] [12] [13] [14] . More information is needed to develop effective dissemination strategies [15] .
We report findings from a study that tested the effectiveness of three dissemination strategies to improve implementation of the 2000 Public Health System Clinical Practice Guideline (PHS Guideline) for smoking cessation intervention [6] . The goal was to improve implementation of the guideline's recommendations commonly known as the '5 As'. These are: ask and document smoking status for all patients, assess readiness to quit smoking, advise all smokers to quit, assist smokers in their quitting efforts and arrange for follow-up and/or adjunct interventions. Twelve MCH public health clinics in Illinois were randomized to three dissemination conditions: (i) core dissemination only (provision of the PHS Guideline and the previously tested 'It's Time' smoking cessation program [16, 17] including program supplies and training); (ii) core dissemination and access to free telephone counseling and (iii) core dissemination, access to telephone counseling and outreach visits. Study outcomes were post-dissemination improvement over baseline in six implementation variables that measured the percent of smokers reporting exposure to guideline-recommended interventions. The research hypotheses were:
i. Compared with the baseline, more smokers will report receiving smoking cessation interventions in the post-dissemination phase. ii. The post-dissemination improvements will be greater in clinics with access to telephone counseling (Groups 2 and 3) than in clinics without such access. iii. The post-dissemination improvements will further increase in clinics with outreach visits (Group 3).
In recent years, several authors have discussed the merits and limitations of experimental methods for 'real world' effectiveness studies [18] [19] [20] [21] . These authors generally recommend paying greater attention to (i) the likelihood of non-homogeneous study samples and (ii) contextual factors that may influence study outcomes besides the experimental interventions. Our study addresses these issues in two ways. First, all experimental comparisons were adjusted for clustering of smokers within clinics and for four contextual variables (i.e. type of clinic, type of visit and smoker race and pregnancy status). Second, we examined the experimental results for individual clinics for explanatory patterns not readily apparent from the experimental findings alone. This descriptive examination considered whether groups of clinics with similar implementation outcomes were associated with clinic characteristics and clinic-unique secular events.
Background
Diffusion theories [22] [23] [24] and the published experience of other dissemination researchers [6, 12, 25, 26] indicate that four elements are essential for effective dissemination strategies. These are: (i) active involvement and 'buy-in' of key clinic decision makers, (ii) systemic protocols and tools to support routine smoker identification and intervention delivery, (iii) capacity building and (iv) feedback on performance. Also important is the role of influential intermediaries, defined as individuals or organizations that the intended program adopters perceive to be authoritative and knowledgeable about the issue addressed by the program [22] . Influential intermediaries are essential to lend 'real world' context to research-initiated dissemination efforts.
Clinic 'buy-in' was inherent to the study recruitment procedures and facilitated by the participation of the leadership of the Illinois Department of Human Services (IDHS) as an influential intermediary. IDHS provides ongoing leadership, regulatory oversight and funding to county health departments (CountyHDs) across the state. Moreover, prior to this study, IDHS had distributed portions of the 'state tobacco settlement monies' to all CountyHDs, expecting each in turn to implement a smoking control program of its choice. The study provided a tested smoking control plan for the CountyHDs that had not yet implemented one. Eligible clinics received samples of all program and study materials. A teleconference organized by the influential intermediary stressed the public health merits of implementing the PHS Guideline and promoted the It's Time program as appropriate for this purpose. The principal investigator followed up with a personal visit to each interested clinic.
The dissemination strategies (summarized in Fig.  1 ) addressed the other dissemination elements. All clinics received the It's Time program as a means to increase their capacity to deliver interventions to smokers. The program was designed for delivery to all women smokers in MCH services, regardless of readiness to quit or pregnancy status, and was shown to be effective in a previous trial [16, 17] .
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Intervention components for smokers included: (i) provider advice to quit, (ii) self-help booklet, (iii) smoker-provider agreement form to set a quit date or commit to take intermediate actions toward quitting, (iv) educational video and (v) motivational posters about quitting smoking. Support components included protocols for providers and office support staff, chart reminders and a chart stamp to facilitate intervention documentation. Provider training included feedback on baseline performance.
The dissemination strategies in Group 2 and 3 further enhanced resources and feedback opportunities. Access to a telephone counseling service increased capacity to offer an adjunct intervention to smokers. Telephone counseling was shown to be an effective adjunct intervention in several studies [27, 28] including two studies with low-income populations [16, 29] . Additionally, service utilization required establishing daily office routines and staff involvement that have been shown to improve implementation of health maintenance procedures [30] . Such routines may be difficult to establish around provider advice to quit alone [31] but were necessary for processing the telephone counseling requests. Periodic summary reports from the service provided additional performance feedback. Outreach visits provided assistance and reinforcement during the program start-up period. Outreach visits (or 'academic detailing') have been associated with improved implementation of health maintenance practices [32] . The main feature of this approach is a repeated and personalized interface between the program disseminators and the intended program users [33] .
Methods

Clinics
Eligible MCH clinics were located in the upper half of the state, were expected to see at least 100 smokers per year and did not have another specific smoking cessation program. IDHS identified 28 such clinics, including two main types. Twenty-three clinics [non-physician (MD) clinics] were each part of a separate CountyHD with few or no other direct patient services besides the MCH clinics. They were located in small or mid-size towns and had predominantly White patients. These clinics provided MCH services such as case management, prenatal visits, family planning, immunization and the WIC program but referred clients to outside physicians for medical care. Five other clinics (MD clinics) were located in a metropolitan area and had predominantly African American patients. These clinics provided physician care in addition to the above MCH services and were part of large health care centers with multiple other medical departments besides those involved in this study. Three were affiliated with outpatient services at three hospitals. Sixteen clinics agreed to participate but four of these were lost during the study (i.e. never ready to start, poor smoker accrual and the clinic closed). The 12 study clinics included nine non-MD and three MD clinics, two of which were hospital based. Within clinic type, participating and non-participating clinics did not differ overall on the above characteristics. Participating clinics received $1000 as reimbursement for research participation tasks.
Dissemination implementation Core dissemination
All clinics received: (i) copies of the PHS Guideline and It's Time program implementation manual, (ii) 1-year supply of It's Time booklets and forms and (iii) staff and provider training. Training workshops were conducted after baseline completion. For Group 1 and 2 clinics, 'train-the-trainer' workshops were conducted at a central location (non-MD clinics) or on-site (MD clinics) and attended by one to three representatives from each clinic (supervisorylevel nurses and/or health educators and one physician from each MD clinic). Workshops were conducted on-site at each of the Group 3 clinics and attended by all providers and support staff (except that participation from the MD clinic physicians was limited). The half-day workshops had the same content for all study groups.
Telephone counseling service
Besides the core dissemination, Groups 2 and 3 clinics received access to the telephone counseling service. The It's Time agreement forms for these clinics included a line for a smoker to accept the counseling. The 15-min counseling calls were modeled after Miller's motivational interviewing [34] and performed by trained counselors at the researchers' facilities. Group 1 clinics received cards referring smokers to the state's telephone quitline number.
Outreach visits
Besides the core dissemination and telephone counseling access, Group 3 clinics received outreach visits from the principal investigator and/or study coordinator. Visits included: (i) one visit to help customize protocols in preparation for the training workshop, (ii) one visit at 1-month post-training to discuss program implementation experiences and (iii) additional visits and/or phone calls over the ensuing 2 months to address concerns and provide reinforcement. The on-site training workshop at each of these clinics was attended by all relevant clinic personnel. Figure 1 shows the study design. Baseline data were collected over a 10-month period before the dissemination intervention. Post-dissemination data were collected over the ensuing 12 months. All clinics were expected to have some smoking cessation procedures already implemented at baseline. Therefore, the same implementation variables were measured in both study phases. Dissemination outcomes were the changes in implementation rates from baseline to post-dissemination. Changes in study Group 1 indicated the effect of the core dissemination alone. Changes in study Groups 2 and 3 indicated the effectiveness of the two enhanced dissemination strategies. Random assignment of clinics to study groups was stratified by type of clinic. The office for the protection of research subjects at the University of Illinois at Chicago (UIC) approved all study protocols (Protocol # 1999-0494). Participating clinics signed a study participation agreement. Participating smokers gave written consent to be called for a telephone interview.
Study design
Smokers
The study population was all smokers seen in the clinics. As part of the reception process throughout both study phases (from March 2001 to July 2003), clinic staff asked all patients to complete the study accrual form. Patients themselves completed the form and dropped it in a sealed box to be forwarded to the researchers. The form assessed the patient's smoking PHS Guideline dissemination and contextual factors status, demographics characteristics, pregnancy status and reason for the visit and asked for consent to be called for a telephone interview. Interviews were attempted 2 months later with all consenting female smokers 18-45 years old. The 20-min interview assessed exposure to smoking cessation interventions during the clinic visit and current smoking status. Professionally trained interviewers at the UIC Survey Research Laboratory performed all interviews. Respondents received a $ 10.00 coupon.
During the baseline phase, 4642 patients completed the form, 1439 (31%) were smokers and 971 (67% of smokers) consented to the study; of these, 616 (63%) completed the 2-month interview. During the post-dissemination phase, 6931 patients completed the form, 1872 (27%) were new smokers, 1252 (67%) gave consent and 671 (54%) completed the 2-month interview. Incomplete interviews were due primarily to inability to achieve telephone contact. Less than 5% refused. Of 1278 non-overlapping smokers from both study phases, 61% were White, 30% African American and 9% Hispanic and/or other races; 18% were pregnant and 51% were at the clinics for WIC services.
Variables
There was no smoking status assessment variable because all clinics already had a smoking status prompt in their computerized record system. Implementation variables in both study phases were the percent of smokers who reported: (i) receiving provider advice, (ii) receiving a self-help booklet and (iii) seeing posters or (iv) a video about quitting smoking (each coded no = 0 and yes = 1). A variable 'total interventions' was the sum of 'yes' responses to these four items (range 0-4). Referral of smokers to adjunct interventions, such as smoking cessation classes, could occur during both phases and was not precluded by acceptance of the telephone counseling in the post-dissemination phase. A variable adjunct intervention was coded 'yes' if the smoker reported receiving the telephone counseling or any other type of adjunct intervention. Two comparison variables were study phase (baseline versus postdissemination) and study group (Group 1, 2 or 3). A clinic-level contextual variable was clinic type (MD clinics versus non-MD clinics). Smoker-level variables were visit type (WIC services versus all others), race (White versus all others) and pregnancy status (pregnant at the accrual visit versus not pregnant).
Two variables reflected secular events during the study period and were used in the examination of individual clinic findings. One variable was whether the clinic's contact person changed during the study. The second variable, disruptive events, summarized events observed through periodic research-related contacts with the clinics and in end-of-study debriefing with clinic key informants. Events included: (i) loss of funding and/or personnel, (ii) organizational restructuring due to a merge with another clinic (not a study clinic), (iii) large staff turnover, (iv) new administrator or director and (v) the clinic moved. The disruptive events variable was coded 1 if no event occurred, 2 if events occurred but were not deemed a major disruption by key informants and 3 if events were multiple and/or deemed disruptive.
Data analysis
To test Hypothesis 1, we compared the baseline and post-dissemination rates for each outcome variable, overall and within each study group. To test Hypotheses 2 and 3, we compared the size of the baseline/post-dissemination changes between study groups. Adjusted odds ratios (AOR) and adjusted average differences (AD) were estimated controlling for clustering of smokers within clinics, smoker pregnancy status and race and WIC visits. For the descriptive examination of individual clinic findings, we ranked clinics on their baseline/post-dissemination changes on the provider advice variable. We explored descriptively and through additional comparisons whether groups of clinics with similar ranking were associated with clinic characteristics and secular events. All statistical analyses were done with STATA.
C. Manfredi et al. Significance tests of between-group differences in base-post changes are adjusted for clustering of smokers within clinics, smoker race/ethnicity and pregnancy status and type of visit (WIC versus all others). b AOR (adjusted odds ratios) and c AD (adjusted average difference) are adjusted for clustering of smokers within clinics, smoker race/ ethnicity and pregnant status and type of visit (WIC visit versus all others). 'ns' or no asterisk = not significant at 0.05 level. *P < 0.05; **P < 0.01; ***P < 0.001. Asterisks in () are significant in opposite direction. All are one-directional.
Results
In the 12 clinics overall, compared with baseline, at post-dissemination there was an overall increase in smoker-reported receipt of a booklet (16-32%, AOR 3.1, P = 0.001) and an adjunct intervention (<1-10%, AOR 11.2, P = 0.001) and in mean total interventions (1.5-1.7, AD 0.24, P = 0.001) (data not shown in tables). Table I shows the implementation outcomes by study group. Smoker-reported receipt of a self-help booklet increased in Group 1 (6.5-37%) and Group 2 (8.5-28%) but not in Group 3 (34-32%). This inverse study group effect was significant (see rightmost column in Table I ) but largely explained by the low baseline rates in Group 1 and 2. Smoker-reported adjunct interventions increased in Group 2 (1.1-9.5%) and in Group 3 (2-17%) but not in Group 1 (<1-3.6%). These between-group differences were not statistically significant (rightmost column). The lack of significance was partly explained by the highly skewed distribution of the adjunct intervention variable (i.e. several almost empty cells). The dissemination strategies had no effect on smoker-reported provider advice to quit or exposure to posters or videos about quitting. Table II shows the association of clinic ranking on change in provider advice to quit (first column) with secular events and type of clinic. The five lowest ranking clinics included all clinics in which the contact person changed during the study and all clinics with Level 3 disruptive events. These clinics also had no improvements in any other implementation variable. The two lowest ranking clinics were the only non-MD clinics with post-dissemination decline in smoker-reported provider advice (from 79 to 37% and from 53 to 40%, respectively). The disruptive events in these non-MD clinics may have altered the size and nature of the patient or provider population, thus affecting their study phase comparability. We excluded these two clinics from further analysis. The next three lowest ranking clinics included all MD clinics regardless of whether they had disruptive events or not, suggesting that their low ranking was due to type of clinic rather than to specific events.
To test this descriptive observation, we compared all implementation outcomes by type of clinic in the remaining 10 clinics (i.e. excluding the two non-MD clinics whose disruptive events may have affected group comparability but including all MD clinics where outcomes were unaffected by disruptive events). As shown in Table III , in the three MD clinics, the dissemination strategies had no effect except for a small improvement in smoker-reported adjunct interventions. In the seven non-MD clinics without disruptions, there were significant increases in smoker-reported provider advice to quit (62-72%), self-help booklets (23-43%) and adjunct interventions (1.1-11.7%) and in mean total interventions (from 1.6 to 1.9). We next tested whether study group effects might be found in the seven non-MD clinics that apparently accounted for all dissemination effectiveness (Table IV) . We found patterns similar to those described above for Table I (i.e. significant baseline/post-dissemination changes within study group, but either inverse or non-significant between-group differences). However, significant post-dissemination improvements now occurred also in Group 3 clinics, including an increase in smoker-reported advice to quit. The positive effect of the enhanced dissemination strategies on completion of an adjunct intervention was also more evident in these clinics. In study Group 3, smoker-reported completion increased from 2% at baseline to 25% at post-dissemination.
Discussion
Experimental results
The study dissemination strategies aimed at improving clinic provision of the smoking cessation interventions recommended by the PHS Guideline. Consistent with Hypothesis 1, results showed positive effects of providing the clinics with resources for assisting and referring smokers. Compared with baseline, more smokers in the post-dissemination phase received a self-help booklet and completed an adjunct intervention. These effects were significant in the experimental design with all 12-study clinics and even stronger in the seven clinics that accounted for all dissemination effectiveness. These findings are consistent with a physician survey in which performance of all the '5 As' of the PHS Guideline was associated with availability of at least one material resource for smokers and one counseling resource for smoker referral [35] .
Contrary to Hypothesis 1, there was no dissemination effect on smoker-reported provider advice to quit. This finding could be explained by an already fairly high baseline implementation rate (62% overall). This rate compares favorably to baseline or control findings in other studies. For example, the percent of smokers reporting provider advice to quit was as low as 19 and 38% in community-based medical centers in two studies [13, 36] and around 45 or 59% in private physician practices in two other studies [12, 37] . However, provider advice Significance tests of between-group differences in base-post changes are adjusted for clustering of smokers within clinics, smoker race/ ethnicity and pregnant status and type of visit.
b AOR (adjusted odds ratios) and c AD (adjusted average difference) are adjusted for clustering of smokers within clinics, smoker race/ethnicity and pregnant status and type of visit. 'ns' or not indicated = not significant at 0.05 level. *P < 0.05; **P < 0.01; ***P < 0.001. Asterisks in () are significant in opposite direction. All are one-directional. Significance tests of between-group differences in base-post changes are adjusted for clustering of smokers within clinics, smoker race/ethnicity and pregnancy status and type of visit. b AOR (adjusted odds ratios) and c AD (adjusted average difference) are adjusted for clustering of smokers within clinics, smoker race/ethnicity and pregnancy status and type of visit. 'ns' or not indicated = not significant at 0.05 level. *P < 0.05; **P < 0.01; ***P < 0.001. Asterisks in () are significant in opposite direction. All are one-directional.
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to quit increased in the seven non-MD clinics without disruptions despite high baseline rates.
Comparisons of our findings with those of other dissemination studies provide little additional insights. In a study that disseminated the PHS Guideline to primary care physician practices, Katz et al. [13] found a positive effect on assistance to smokers but not on provider advice. Three other studies found a positive effect on provider advice to quit [9, 10, 12] . As was the case for our dissemination strategies, all these studies included dissemination elements that addressed clinic 'buy-in', office support components, capacity building and performance feedback. It is unclear whether the different results could be due to different versions or intensity of these dissemination elements, different study settings and smoker populations or different study methods.
Study Hypotheses 2 and 3 assumed that the enhanced dissemination strategies would be more effective in improving all implementation outcomes than the core dissemination alone. Except for adjunct interventions, these hypotheses were not supported. Instead, larger post-dissemination increases in the self-help booklet and mean total interventions variables were associated with lower baseline implementation rates. Perhaps the dissemination strategies were most effective in the clinics that needed them most.
The enhanced dissemination strategies did have the expected positive effect on smoker-reported adjunct interventions. This finding has important practice implications and merits attention despite the lack of statistically significant between-group differences. Completion of an adjunct intervention is recommended to improve the limited benefits that can be expected from minimal provider intervention alone [6] . Completion of any adjunct intervention was almost nil at baseline in all clinics, did not improve at post-dissemination in Group 1, but increased up to one in four smokers at post-dissemination in the clinics with access to the proactive telephone counseling service. Noticeably, almost all of the smokerreported adjunct interventions were completion of that telephone counseling. Our findings also show that providing smokers with only Quit Line information (study Group 1) did not increase the chances that they would receive adjunct counseling, whereas a linkage of clinic patients with an external proactive counseling service was feasible and more effective in reaching smokers. Since utilization doubled in the clinics with outreach visits, special efforts may however be necessary to promote clinic acceptance of such a linkage.
Examination of individual clinic findings
Two other findings emerged from the examination of individual clinics outcomes. First, the examination suggested that the overall experimental results may have been unduly depressed by two non-MD clinics with negative implementation outcomes. Unique secular events at these clinics may have undermined either the integrity of the research design and/or the program implementation. In both clinics, considerably fewer smokers received provider advice at postdissemination than at baseline. It is more plausible to attribute this change to the disruptive events than to a strong negative dissemination effect that would be unique to these two clinics only.
Second, excluding the two above clinics from further analysis clarified that dissemination effectiveness varied by type of clinic. The dissemination strategies had no effect in the MD clinics, apparently due to these clinics' characteristics (described earlier) rather than to specific disruptive events during the study. In particular, the MD clinics were part of large health care facilities with multiple other medical services and complex bureaucratic organizations. This organizational context may have hampered the implementation of new departmentspecific procedures. Additionally, only the MD clinics provided physician care. Physicians at these clinics may have perceived the smoking cessation program and joint staff training as aimed primarily at nursing staff. Different dissemination approaches or different smoking cessation programs may be needed in this type of medical settings.
In contrast, the dissemination strategies resulted in substantial guideline implementation improvements in the seven non-MD clinics with no disruptive events. As described earlier, these clinics were PHS Guideline dissemination and contextual factors smaller and more self-contained than the MD clinics. Moreover, in these clinics, the key individuals involved in the initial study participation decisions appeared to be more directly involved in day-to-day clinic operations than those in the MD clinics. Finally, this type of non-MD public health MCH clinic has traditionally emphasized preventive care and patient education. The study dissemination strategies may be a promising approach to improve implementation of the PHS smoking cessation guideline in these clinics.
Study strengths and limitations Strengths
The study addressed the public health priority of improving smoking cessation interventions in clinics serving low-income women. The clinic sample included multiple clinics representing two common types of MCH public health settings. Dissemination outcomes were measured on all available smokers and reflected non-research assisted routine clinic performance over an almost 2-year period. The experimental design was complemented by consideration of contextual variables and clinic-unique secular events.
Limitations
Practical considerations prevented a control group for the core dissemination strategy. In the clustered analysis, its baseline phase served as its own control for each clinic. Implementation improvements were associated with utilization of specific studyprovided resources. However, we cannot rule out that extraneous factors may have affected the study results.
The implementation variables were based on smoker reports collected 8 weeks after the clinic visit. Smoker reports and similar time lags are generally accepted implementation measures and were used in most dissemination studies cited in this paper. Implementation measures based on chart reviews would have risked measuring improved intervention documentation (a dissemination effect) rather than improved delivery. Smoker attrition was high for both study consent in the clinics and telephone survey completion as is likely in special population studies [38] . Smoker attrition was unrelated to program participation, which was to be offered to all smokers as a regular clinic service. However, attrition analysis (not shown) indicated that smokers in the study were more likely to be White and more educated than those lost to the study. The generalizability of the study findings may be limited if these smoker characteristics also influence intervention delivery by providers.
Conclusions
To obtain population-level benefits, the smoking cessation interventions recommended in the PHS Guideline must achieve widespread implementation across a variety of health care delivery systems. Our study findings showed that such implementation can be improved in MCH clinics by: (i) disseminating the PHS Guideline in conjunction with a tested smoking cessation program, (ii) providing the training and resources necessary to implement the program and (iii) linking smokers in the clinics with a centralized proactive telephone counseling service. However, the effectiveness of these dissemination strategies appears to depend on type of clinic and on the absence of extraneous distractions.
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